Objective Brachial-ankle pulse wave velocity (baPWV) is a measure of arterial stiffness. However, precisely how aging, hypertension and other factors influence this in progressively stiffening large arteries, especially in older adults, remains uncertain. We examined changes in arterial stiffness in a population of active older Japanese adults using a five-year follow-up cohort study. Methods Comprehensive geriatric assessments were performed in socially active adults over the age of 70 years at The Life Planning Center Clinic in Tokyo. Clinically acceptable baPWV measurements at baseline and at the end of the study were obtained in 257 individuals (115 men, baseline mean age of 78±4 years; 142 women, baseline mean age of 77±4 years) classified into four groups based on the use of antihypertensive interventions at the end of the study: Group 1 (112 normotensives), Group 2 (49 hypertensives without medication use), Group 3 (39 hypertensives with medication use initiated during the follow-up period) and Group 4 (57 hypertensives receiving medications throughout the follow-up period). Results During the follow-up period, Group 1 exhibited no changes in blood pressure with increases in baPWV. Group 2 exhibited increases in blood pressure and baPWV. Both Groups 3 and 4 exhibited decreases in blood pressure without any changes in baPWV. Other factors such as age, gender and the hemoglobin level could also have influenced baPWV. Conclusion Arterial stiffness increases with aging; however, antihypertensive medications were found to provide protective effects against the development of arterial stiffness during a five-year follow-up period. Other factors that modify baPWV were also identified.
Introduction
In Japan, the percentage of individuals over the age of 65 years had reached 22.5% as of 2010 (1) . In 1898, Sir William Osler stated that longevity depends on vascular issues and that "a man is as old as his arteries and many deaths arise primarily or secondarily as a result of vascular issues" (2) . Aging of the vascular system is thought to progress as a result of either predetermined genetic factors or changeable environmental factors caused mostly by detrimental lifestyle choices. Aging is associated with decreases in arterial compliance that can result in systolic hypertension (3).
Many studies have reported that arterial stiffness itself is an independent risk for cardiovascular events, separate from other conventional factors (4) (5) (6) . Pulse wave velocity measurements are the gold standard for assessing arterial stiffness (7) (8) (9) . Hypertension has a strong effect on the progression of arterial stiffness and its associated adverse outcomes. This relationship explains why hypertension is an important predictor of cardiovascular events and why controlling high blood pressure results in significant reductions in cardiovascular events and mortality (10) (11) (12) . However, the effects of aging, hypertension, pharmaceutical intervention and other various factors on arterial stiffness remain to be explored, especially among older adults (13, 14) . We therefore chose to examine the effects of medication and other factors on arterial stiffness during a five-year cohort study primarily examining the prediction of frailty syndrome development in older Japanese adults. In this study, pulse pressure was determined to be a predictor associated with three other factors: slow walking speed and cognitive and hearing deficits (15, 16) .
Materials and Methods

Study population sample
In 2000, the "New Elderly Citizen Movement" was initiated at the Life Planning Center Foundation in Tokyo, Japan, with the goal of encouraging older adults to change their lifestyles so as to become more active and productive. The details of the subjects' health conditions and healthrelated life behaviors have been reported elsewhere (17, 18) . The study began in 2002, and 407 members without frailty based on a standardized definition (19, 20) were voluntarily enrolled by the end of 2005. In this manuscript, we report the results of a secondary analysis of the "Health Research Volunteer Study (HRVS)" to examine the effects of aging, hypertension, the use of antihypertensive medications and other factors on arterial stiffness. Among the initial 407 subjects enrolled in the HRVS (184 men with a mean age of 78±4 years, 223 women with a mean age of 77±4 years), 34 dropped out, 22 died, 65 developed clinical frailty syndrome and 29 developed clinical conditions for which pulse wave measurements were inappropriate for assessment (e.g. atrial fibrillation, frequent ectopic beats, ankle brachial index less than 0.95). These 150 subjects were therefore excluded from the subanalysis. Most of the participants had their own family doctors and received their medical care outside of the HRVS. Subjects with systolic blood pressure greater than 140 mmHg were considered to be hypertensive in this study.
At the end of the follow-up period, 257 subjects were classified into four groups based on the systolic blood pressure level and the use of pharmaceutical interventions: Group 1 with normal systolic blood pressure (! 139 mmHg) (n=112), Group 2 with high systolic blood pressure (" 140 mmHg) without medication use (n=49), Group 3 with medication use initiated during the follow-up period (n=39) and Group 4 with medication use throughout the entire study period (n=57).
Written informed consent was obtained from all participants, and ethical permission was obtained from the Ethics Committee of the Japan Society of Health Evaluation and Promotion.
Assessments
All of the subjects underwent a comprehensive geriatric assessment (CGA) at both baseline and study termination (five years after enrollment). The details of the CGA have been reported elsewhere (16) . All of the data elements, including physical and psychosocial variables, were obtained from a self-reported structured demographic and healthrelated questionnaire, which included a comprehensive inventory of medications carefully reviewed with the patients by trained nurses.
Data were obtained at the time of each subject's visit to the Life Planning Center Clinic in Tokyo and included the following elements: height (cm), weight (kg), body mass index (BMI), maximum mid-arm circumference (mm), blood pressure (systolic, diastolic, pulse pressures; mmHg), heart rate (bpm), brachial ankle pulse wave velocity (baPWV: cm/ sec) and ankle brachial index (ABI) (PWV/ABI obtained using the BP-203RPEII-Colin device). All blood pressure readings were obtained as part of the baPWV measurement from the right side of the upper arm. The baPWV measurements were obtained while the subjects were in a supine position after having rested for 10 minutes. Laboratory tests included a complete blood cell count (CBC) and the levels of hemoglobin (g/dL), creatinine (mg/dL), estimated glomerular filtration rate (eGFR) (mL/min/1.73 m 2 ), total cholesterol (mg/ dL), hemoglobin A1c (%), total serum protein (g/dL) and creactive protein (CRP, mg/dL). The level of B-type natriuretic peptide (BNP, ng/mL) was examined only at the end of the study period.
Analysis
The data were analyzed using SPSS version 15.0J (Tokyo, Japan). Parametric data were expressed as the mean ± 1 SD and analyzed using paired t-tests for comparisons of the baseline and follow-up test results. The nonparametric parameters were analyzed using the chi-square test. Comparisons among four parameters were performed using a oneway analysis of variance to obtain the F-value, and the Bonferroni and Sidak methods were applied to confirm the significance of differences between each pair of two values at baseline and at the end of the study among the four groups. A linear stepwise regression analysis was performed to explore significant variables associated with baPWV at the end of the study period. A two-tailed p-value less than 0.05 was regarded as significant.
Results
The study population is described in Table 1 . The mean Table 2 . Morphometric Characteristics of Subgroup Populations age at the time of study entry was 77±4 years, and the mean duration of follow-up was 63±5 months. There were no differences at the end of the study among the four groups with regard to age, sex, follow-up duration (months), treatment for diabetes mellitus and hypercholesterolemia or smoking status. Differences were noted throughout the study in terms of significantly lower heights and larger body mass indices (BMIs) in Group 4 than in Groups 1 and 2. No differences in weight were observed among the four groups throughout the study period. Only the upper arm circumference was larger at baseline in Group 4 than in Group 1 ( Table 2) .
At baseline (Table 3 , Figs. 1, 2) , comparisons of the parameters, including systolic blood pressure, diastolic blood pressure, pulse pressure and baPWV, among the four groups revealed an increasing trend from Groups 1 to 4, with significant differences revealed using a one-way analysis of variance. The ABI also decreased slightly, but significantly from Groups 1 to 4. In contrast, no significant differences were observed in the heart rate among the four groups.
There were significant differences in the blood pressure and vascular parameters at the end of the five-year followup period (Table 3 , Figs. 1, 2) . In Group 1, the systolic, diastolic and pulse pressures and heart rates exhibited no significant changes in association with significant increases in baPWV and decreases in ABI. In Group 2, the systolic blood pressures, diastolic blood pressures, pulse pressures and baPWV revealed statistically significant increases in association with decreases in ABI without changes in heart rate. In both Groups 3 and 4, the systolic and diastolic blood pressures decreased significantly without any changes in either the pulse pressure or baPWV. Only ABI showed slight but significant decreases in Group 3.
In terms of comparisons between the groups at baseline using the Bonferroni and Sidak methods, significant differences in systolic pressure, diastolic pressure and pulse pressure were observed between Group 1 and the other three groups; however, no other significant differences were observed among the other between-group comparisons (Fig. 1) . A significant difference in ABI was observed between Group 1 and Group 4 only. Regarding baPWV, significant differences were observed between Group 1 and the other three groups; however, no other significant differences were observed among the other between-group comparisons (Fig. 2) .
At the end of the study (Table 3 , Fig. 1 ), significant differences in the systolic pressure were observed between Figure 1 . Comparisons of systolic blood pressure at baseline and follow-up in each pair of groups and then among the four groups (box and whisker plot). The *signifies a significant difference (p<0.05) between each group at time of study entry and at study termination. The F-values are for the comparison among the four groups at study entry (F1) and at the end of study (F2).
Table 3. Blood Pressure and Related Characteristics
Group 2 and the other three groups, and also between Groups 1 and 4. No significant differences were observed between Groups 1 and 3 or between Groups 3 and 4. Significant differences in diastolic pressure were also observed between Group 2 and each of the other three groups. No significant differences were observed between pairs of any of the other three groups. The pulse pressures in Group 2 were significantly different from those in any of the other groups, and a significant difference was also observed between Groups 1 and 4. No significant differences in ABI were observed among any pairs of groups. The baPWV values in Group 2 were significantly different from those in the other three groups (Table 3, Fig. 2) . No significant differences were observed between any pairs of the other three groups.
During the five-year follow-up period, there were no significant differences in the other serum parameters among the four groups at baseline, with only a few exceptions (Table 4). First, the serum total protein levels tended to increase from Group 1 to Group 4, both at baseline and at the end of the study period. Comparisons between pairs of the four groups revealed a significant difference between Groups 1 and 4 only. The other exception was the eGFR, for which significant differences were observed among the four groups when using a one-way analysis of variance at the end of the study period; comparisons of each pair of two groups revealed a significant difference between Groups 1 and 4 only.
A linear stepwise regression analysis was performed to explore the significant variables associated with PWV at the end of the study period. The following parameters were examined for the analyses: age, gender, both initial and final blood pressure (BP) parameters along with other possible confounding parameters including diabetes mellitus, hypercholesterolemia, smoking status and serum markers measured at the end of the study period, as listed in Table 4 . The following five factors were determined to be significant: age, gender, systolic blood pressure, the hemoglobin level measured at the end of the study period and diastolic blood pressure measured at study entry (Table 5) .
Concerning medication use, calcium channel blockers (CCBs, 71%) and angiotensin receptor blockers (ARBs, 51%) were prescribed in the majority of treated patients, and diuretics were prescribed in 11% of the cases. Other drugs, including angiotensin-converting enzyme (ACE) inhibitors, αβ blockers, α1 blockers and β blockers, were used in less than 8% of the cases. Combined use of CCBs and ARBs, the most common prescription pattern in Japan, was seen in 27% of the cases. The mean number of medications was 1.6±0.7. No significant differences were observed between (box and whisker plot) . The *signifies a significant difference (p<0.05) between each group at time of study entry and then at study termination. The F-values are for the comparison among the four groups at baseline (F1) and at followup (F2).
Groups 3 and 4 at the end of the study period with regard to the type of antihypertensive medication prescribed.
Discussion
In aging societies, there is a tremendous focus on treating hypertension among older adults. Until recently, however, little reliable data have supported the effects and benefits of lowering blood pressure in this population. However, the Hypertension in the Very Elderly Trial (HYVET) recently provided strong evidence for the benefits of antihypertensive medication use among relatively healthy patients over the age of 80 years, demonstrating a significant reduction in cardiovascular morbidity and overall mortality (12, 21) . Additionally, economic benefits of antihypertensive treatment for patients over the age of 80 years have also been reported (22) . Aging and high blood pressure are widely accepted as independent risk predictors of arterial stiffness and cardiovascular morbidity and mortality (9-11). However, how these two and other parameters influence progressively stiffening larger arteries, especially in older adults, remains to be explored.
We found that the subjects in Group 1 (normotensives, by definition) exhibited no changes in systolic, diastolic or pulse pressures; however, they exhibited significant increases in baPWV without demonstrating any changes in heart rate. This result implies that the increases in baPWV observed in this group arose from increases in arterial stiffness related to aging of the arterial walls. Comparisons between Groups 2 and 3 provided important data regarding the clinical management of hypertension. Another relevant finding is that there were no significant differences in baPWV among Groups 1, 3 and 4 at the end of the study period. This result suggests that antihypertensive medication use may prevent increases in baPWV arising from high blood pressure, thus helping to maintain baPWV at the age-appropriate levels. However, the interactive mechanisms underlying the effects of blood pressure, aging and medication use on arterial stiffness could not be precisely determined using this study design.
After the five-year follow-up period, no significant differences in any other measured nonvascular parameters were observed among the four groups, with some exceptions, including eGFR. A one-way analysis of variance revealed significant differences in eGFR-2 among the four groups, with Group 4 exhibiting the lowest value. This finding suggests that the eGFR in subjects with long-lasting hypertension cannot be reversed with antihypertensive medications alone. A linear stepwise regression analysis examining the variables significantly associated with PWV at the time of study termination revealed several factors associated with baPWV. The association with hemoglobin was unexpected and further study is needed to characterize this result (23, 24) .
There are a few limitations that must be considered when interpreting our results. First, the participants in our study were self-selected from a group of older adults with a particular interest in maintaining their health (as evidenced by their membership in the Association of New Elderly Citizen Movement in Japan) (18) , which may have resulted in a possible selection bias. Second, determining medication compliance and obtaining information regarding changes in medication use during the course of the study was difficult. Since each participant had his or her own physician prescribe the antihypertensive medications, the treatments may have been modified throughout the course of the study. Therefore, the effects of treatment could not be specified in terms of each class of medication. The exact length of antihypertensive treatment could not be precisely determined, and the only definitive conclusion that can be made is that the length of treatment was less than five years in Group 3 and more than five years in Group 4. Finally, the details of the medications used at the end of the study period are related to current trends in prescribing among primary care physicians in Japan. Since almost all of the generic types of antihypertensive medications have been shown to be equally effective and safe, it may thus be possible that the most important issue is lowering blood pressure within or below the normal range as opposed to simply treating patients with hypertension (25, 26) .
Conclusion
This study helps shed new light on the ways that aging, hypertension and other selected factors shown in this study influence the progression of stiffening of large arteries in older adults. This work in older Japanese adults demonstrates that over a five-year period, arterial stiffness increases and antihypertensive medications may exert protective effects on the stiffness that occurs as a result of hyper- tension. Currently available antihypertensive agents are capable of preventing arterial stiffening, even among hypertensive octogenarians, and this has important implications for treating even the oldest adults. Further study is needed among subgroups, especially those similar to Group 2, to determine the optimal timing of initiating antihypertensive interventions as well as which medications may be the most effective.
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